INTRODUCTION
Desert landscapes contain a rich record of geomorphic and geologic change (cooke et al., 1993) . Over the past century, geomorphologists and pedologists have used a variety of approaches, such as interpreting and dating sediments from dry-lake playas (enzel, 1992; lowenstein, 2002; Anderson and Wells, 2003) , alluvial fans (Harvey and Wells, 2003; McDonald et al., 2003) , and landforms offset by fault systems (Weldon et al., 2004; Matmon et al., 2005) , to determine the effects of climate change on sediment generation and transport systems and to quantify process rates. Such studies allow us to understand the broad timing of sediment deposition and erosion, their drivers, and the overall rates and processes of soil development. However, at finer temporal and spatial resolution, there is significant variability in the data, which often makes it difficult to interpret because numeric age-control is frequently lacking. Furthermore, the timing of older events is often inferred solely from the behavior of the system during more recent 14 c-datable climatic and tectonic episodes. Quantifying rates and dates beyond the 40-50 k.y. limit of radiocarbon dating not only allows geologists to test long-standing hypotheses regarding desert process behavior during climate change (e.g., Bull, 1991) , but also allows for systematic evaluation of the effects of lithology, nonglacial climate change, tectonics, and other potential drivers of landscape change.
Determining rates of surface change in the desert is no simple task. Most desert surfaces change imperceptibly over human time scales (Webb, 1996) because much geomorphic work in arid climates is accomplished during large but infrequent storm events (Schick, 1977; cooke et al., 1993) . Quantifying the effects of such storms, both spatially and temporally, requires expensive and time-consuming monitoring programs (Schick, 1977; Persico et al., 2005) . Over millennia, the timing of such events is difficult to establish because dry desert climates are not conducive to the generation or preservation of plant material for radiocarbon analysis, the standard means by which late Quaternary deposits are dated and rates of surface change are often calculated (Bull, 1991) . it is clear that major advances in the understanding of desert landforms and the rate at which they shed sediment require widely applicable, quantitative, and reliable chronometers. in this paper, we present new data to illustrate both the promise and limitations of cosmogenic nuclides when combined with field data as a tool for understanding arid-region geomorphic systems. Many of the approaches we present are also applicable to other climatic and tectonic settings (Bierman and nichols, 2004) .
CASE STUDIES
Fundamental to the application of cosmogenic nuclides as a monitor of desert surface processes is understanding that (1) most production of cosmogenic nuclides occurs near earth's surface and (2) production decreases to minimal rates at depths of several meters. the measured concentration of isotopes, such as 10 Be, reflects the near-surface residence time, or cosmic-ray dosing, of a mineral grain. this leads to an inverse relationship between nuclide concentration and erosion rate and a direct relationship between surface age and nuclide con-centration. Here, we present a series of three case studies from sites in southern Arizona and california ( Fig. 1 ) that highlight both the utility and limitations of using cosmogenic nuclides to study arid-region geomorphology and the landscape-scale continuum of sediment production, transport, and deposition.
Case 1-Sediment Production from Eroding Rock: The Alabama Hills, California
You have probably seen the Alabama Hills even if you've never been there. this weathered granite landscape in the shadow of the Sierra nevada is one of Hollywood's favorites, providing backdrops for John Wayne movies, Subaru Outback ads, and the subterranean monsters of the movie Tremors. Despite the visual popularity of this and other bare rock landscapes, little is known about the rates of bedrock weathering, which is a problem because weathering-limited bare-rock slopes play an important role as sources of desert sediment (Bull, 1991) and runoff (Yair and Kossovsky, 2002) . Without knowledge of bare-rock erosion rates, one cannot craft accurate and useful sediment budgets (Dietrich and Dunne, 1978) .
the Alabama Hills, dominated by varnished tors and inselbergs that crop out of small but distinct grus-mantled pediment surfaces ( Fig. 2A) , are a down-faulted block of deeply weathered and jointed granite (richardson, 1975; chen and tilton, 1991 ) that sit ~3000 m below the crest of the Sierra nevada but well above the deeply alluviated bedrock floor of adjacent Owens Valley (Pakiser et al., 1964) . the linear eastern margin of the Hills appears to be controlled by the Owens Valley fault system (Beanland and clark, 1993) , whereas to the west their margin is convoluted and buried by debris fans shed from the Sierra nevada (Bierman et al., 1994) . to estimate the rate at which the Alabama Hills are eroding, we obtained 20 measurements of 10 Be from quartz that had been separated from samples of exposed rock. this provides a direct measure of bedrock landscape stability ( Fig. 2 ; Data repository table Dr1   1 ). the samples were collected from three distinct geomorphic environments (Bierman, 1993) in order to test the hypothesis that heavily varnished, high-standing landforms were eroding more slowly than nonvarnished, lower geomorphic features. Five samples were collected from the top or sides of dark, high inselbergs, which stand tens of meters above low-lying, colluvium-covered valleys within the Alabama Hills. these high inselbergs are losing mass primarily via detachment of 1-3-cm-thick rock sheets (Fig. 2B ). Seven samples were collected from more topographically isolated low inselbergs 5-20 m above the adjacent pediments or colluvial surfaces (Fig. 2c) . eight samples were collected from unvarnished, flat-lying bedrock pediment surfaces sloping away from the inselbergs (Fig. 2D) . Unlike the inselbergs, the pediment surfaces appeared to be losing mass primarily by granular disintegration.
Field observations and isotopic data show that the inselbergs and pediments of the Alabama Hills are dynamic landforms losing mass over time and shedding sediment onto adjacent colluvial surfaces. All samples contain significant amounts of cosmogenically produced . if we interpret the data as reflecting nuclide concentration in steadily eroding surfaces, model erosion rates range from 1.4 to 20 m/m.y. and are related to the sampled geomorphic environment (Fig. 2e) . the high inselbergs are the most stable, eroding at 5.4 ± 2.7 m/m.y. (n = 5); the low inselbergs are eroding at 7.2 ± 3.2 m/m.y. (n = 7); and the pediments are least stable, eroding on average at 11.1 ± 4.5 m/m.y. (n = 8). it is possible that the bare-rock pediment surfaces we sampled were exposed by the recent stripping of colluvial or alluvial cover; thus, the inferred erosion rates are maxima. in any case, the pediment surfaces we sampled experienced less cosmic-ray dosing than the inselbergs.
the isotopic data are consistent with bare-rock erosion rates for granite measured in other arid regions of north America (nishiizumi et al., 1986; Bierman and turner, 1995) and namibia (Bierman and caffee, 2001) . in all of these cases, erosion rates are higher than those indicated by samples collected from Australian granite surfaces, particularly those on the semiarid eyre Peninsula, where many samples indicate erosion rates on the order of ≤1 m/m.y. (Bierman and caffee, 2002) . it does not appear that precipitation or temperature play major roles in setting the rate of bare-rock erosion (Bierman and caffee, 2001; riebe et al., 2001) , with the possible exception of Australian granites (Bierman and caffee, 2002) . therefore, we figure 1. location of case studies. the Alabama hills (Ah) are in owens Valley near lone Pine, california (cA); the blackhawk slide (bh) is in the mojave Desert near Apple Valley, california; and the castle Dome piedmont (cD) is north of yuma, Arizona (AZ). background is a true color image of the American Southwest taken in January 2004 (courtesy of the National Aeronautics and Space Administration's blue marble: Next Generation database). NV-Nevada; ut-utah. suspect that the measured variation in the Alabama Hills baregranite erosion rates may result primarily from differences in joint frequency and spacing, as suggested by twidale (1982) . the inselbergs may be blocks of less-jointed rocks that have greater topographic relief today because they are eroding more slowly, as indicated by the cosmogenic data, than their low-lying brethren. Alternatively, the valleys and peaks of the Alabama Hills may be inherited features, and the isolation of the inselbergs from erosion catalysts, such as soil moisture and wildfire (Bierman and Gillespie, 1991) , may explain their stability and relatively low rates of erosion.
Case 2-Sediment Deposition on the Castle Dome Piedmont, Arizona
After sediment is shed from mountainous uplands, it is transported to and deposited on low-gradient alluvial slopes, or piedmonts. Such deposits have the potential to reveal important events in surface histories, such as the timing of fan incision figure 2. Alabama hills, california, sample site map, based on scanned aerial photograph (GS-VeQr 133, 8-15-1978) . Sample locations are marked by sample identification numbers and color-coded by geomorphic environment (red-high inselberg; green-low inselberg; yellow-stripped surface). inset images show typical morphology of the three sampled geomorphic environments. (A) Panoramic view taken looking north from sample sites Ahi-9-Ahi-12 shows other sample sites and their topographic relationships. (b) high inselberg, sample site Ahi-10. (c) low inselberg, sample site Ahi-29. (D) Stripped pediment surface, sample site Ahi-28. (e) box and whisker plot showing results of isotopic analyses; solid square-mean; vertical line-median; box ends-25th and 75th percentiles; whisker ends-10th and 90th percentiles; x-data points. Students t-test (two-tailed) indicates that at α <0.1, mean erosion rates of high and low inselbergs are indistinguishable and that both populations have lower erosion rates than stripped pediment surfaces.
GSA toDAy, AuGuSt 2006 7 (liu et al., 1996) , the timing and rate of tectonic activity (Bierman et al., 1995; Zehfuss et al., 2001; Phillips, 2003; Matmon et al., 2005) , and the rate of surface aggradation (nichols et al., 2002, 2005b) . Here, we present 10 Be data from a soil pit dug into a piedmont that has a well-developed and varnished pavement extending as an apron from the castle Dome Mountains in Arizona (Fig. 3; Data repository table Dr2 [see footnote 1] ). these data demonstrate how cosmogenic nuclide data compliment traditional soil profile descriptions, providing more precise age control and quantifying piedmont process rates at time scales beyond the 40 k.y. limit of radiocarbon dating.
Soil development in piedmont sediment and the shape of nuclide depth profiles derived from soil-pit samples depend on both the deposition rate and the length of time since deposition (Phillips et al., 1998; Birkeland, 1999; nichols et al., 2002 , 2005b . For example, cummulic soils (overthickened, homogeneously weathered soil profiles) represent periods of steady, relatively slow deposition (Birkeland, 1999) . Such slow deposition yields nuclide concentrations that increase with depth. conversely, packages of sediment with no evidence of pedogenesis suggest well-mixed soils or relatively rapid sediment deposition characterized by uniform nuclide concentrations with depth. Sediment that was deposited rapidly but has been stable since deposition will exhibit both soil development that is representative of the age of the deposit as well as nuclide concentrations that decrease with depth. However, many desert surfaces have complex histories of deposition, erosion, and stability. Buried soils represent a paleo-ground surface, where the degree of soil development is representative of the length of surface stability before burial. Often, these buried soils are truncated, as evidenced by missing horizons or sharp irregular boundaries, providing evidence of some erosion prior to burial. A model of the 10 Be depth profile, set in the context of soil development, can constrain near-surface depositional histories.
the castle Dome Mountain piedmont has multiple surfaces ( Fig. 3A; lashlee et al., 1999) . the lowest surface (Qf4) corresponds to the active ephemeral channels; the highest surface (Qf1) has the best-developed and most darkly varnished pavements, an indicator of landscape stability. Soils data, from a pit dug into the Qf2 surface, suggest that the surface is between 12 and 70 ka based on a correlation to the soil development of the nearby Whipple Mountain piedmont (lashlee et al., 1999) . two buried soils at depths of 98 cm and 165 cm in the pit each suggest a period of stability and shallow erosion before the next episode of deposition (Fig. 3B) . the data, however, do not show significant changes in nuclide concentration in sediment above and below these depositional unconformities. rather, the nuclide data are uniform from the surface to 50 cm and then step to lower but uniform nuclide concentrations from 50 to 165 cm. the bottom of the soil pit shows increasing nuclide concentrations from 165 to 200 cm.
An interpretative model constrains both the ages and the rates of piedmont processes (nichols et al., 2005b) . We use a numerical solution, optimized by Monte carlo simulation of normally distributed nuclide concentrations for each sample, to estimate the mean and standard deviation of each period of stability, as recognized by buried soils (nichols et al., 2005b) . We also date each period of deposition and calculate average aggradation rates. Starting at the bottom of the soil pit, sediment was deposited at a rate of 17 ± 4 mm/k.y. for ~19 k.y. from 70.5 to 51.5 ka. At ca. 51.5 ka, the surface was stable for ~17.5 ± 3.5 k.y., producing the Btkb2 soil horizon from 165 to 200 cm depth. At ca. 34 ka, deposition at a rate of 135 ± 60 mm/k.y. began, likely caused by erosion and incorporation of sediment up-gradient of the soil pit location. Such reworking, common in piedmont soils of the Desert Southwest, would also cause the higher nuclide inheritance values required for the model fit. At ca. 29 ka, the surface was stable for at least 6.7 ± 2.8 k.y., depending on the assumed amount of soil erosion, forming the Btkb1 and ck1b1 soils at 98 to 165 cm. Slow aggradation, at a rate of 21 ± 6 mm/k.y., occurred from ca. 22.5 ka to ); black numbers-time before present; aggradation rates are represented by red numbers (in k.y.). the total time represented in the soil pit is ~70.5 k.y.
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AuGuSt 2006, GSA toDAy ca. 9.9 ka. At ca. 9.9 ka, rapid deposition of 70 cm of sediment with high 10 Be activity suggests derivation from a near-surface source. Over the past 9.9 ± 2.6 k.y., the surface has aggraded 8 cm from dust accumulation.
Our numerical model constrains the ages and rates of piedmont processes that are within the 12-70 ka soils-based age estimated by lashlee et al. (1999) . the model suggests three periods of stability (present to ca. 9.9 ka, 22.5-29 ka, and 34-51.5 ka) separated by periods of slow aggradation (135 and 17 mm/k.y.), and instantaneous deposition of the top 70 cm of sediment. Deposition from ca. 70 ka to ca. 50 ka agrees with many dated depositional events in the Southwest (Gosse et al., 2004; Anders et al., 2005; nichols et al., 2005b) . the pulse of sediment at the Pleistocene-Holocene transition is consistent with other depositional events identified elsewhere and with geomorphic models (Bull, 1991; McDonald et al., 2003) . the periods of deposition and stability between ca. 10 ka and 50 ka vary from being in phase with some data to being out of phase with other data (Anders et al., 2005) . Such asynchrony may result from lags induced by changing basin processes or from differing propagation rates of base-level change. in any case, cosmogenic nuclide depth profile data, teamed with soil development analysis, offer an improved understanding of piedmont surface processes, soil ages, and piedmont history. the use of nuclide depth profiles allows for quantification of past surface processes and histories, supplementing the information available from boulders cropping out at the surface.
Case 3-Dating Desert Landslides: The Blackhawk, California
Sometime in the past, a thundering avalanche of rock peeled off Blackhawk Mountain above the Mojave Desert and came crashing down to the valley bottom, leaving lobes of pulverized rock studded with boulders (Shreve, 1968 (Shreve, , 1987 Stout, 1977) . the Blackhawk slide is not alone; large slides have affected other parts of the Mojave Desert (Bishop, 1997) . the exact timing and cause of these events is unknown. Some suggest an increase in precipitation is to blame (Stout, 1977) ; however, seismic shaking can trigger large landslides (Philip and ritz, 1999) . Accurate and precise dating is needed to better understand the timing, and thus perhaps the triggers, such as dated large earthquakes, of these megaslides.
Until recently, the only age control for the Blackhawk landslide was radiocarbon dating of freshwater gastropod and pelecypod shells found in the sediments of a small, ephemeral pond on the landslide's surface: 17,400 ± 550 14 c yr B.P. (Stout, 1975 (Stout, , 1977 . this age is problematic for two reasons. the pond is younger than the slide; thus, the age is a stratigraphic minimum. However, since the pond developed on carbonate rocks that may have added 14 c-free carbon to the pond water, the date may be too old. With such ambiguity in the 14 c dating, the Blackhawk would seem to be an excellent site for applying cosmogenic nuclides as a dating tool; therefore, Stone et al. (1995) Al. Stone et al. (1995) concluded that the 36 cl data were ambiguous and difficult to interpret, with apparent ages between 12 and 44 ka.
Our results are similarly equivocal and point out limitations in cosmogenic-nuclide dating.
We sampled five boulders to date the Blackhawk landslide ( Fig. 4A) : a 1.5-m-high quartz-rich gneissic boulder (BH-3) located on the left levee side slope facing the debris zone ( Fig 4B); three gneissic boulders (~1 m high, BH-4, BH-5, BH-6) near the left levee crest (Fig. 4c) ; and one varnished sandstone boulder (BH-7) near the top of the levee crest at the toe of the landslide (Fig. 4D) . We set out to determine the age of the slide by assuming that the boulders were unearthed by the landslide and deposited on the surface of the debris, and that the boulders and the slide debris have not eroded since the landslide event. At least one of these assumptions, however, is invalid. Al and suggest a young age (6.4-7.7 ka; n = 3), whereas the boulder at the toe of the landslide and the side slope boulder contain higher concentrations of nuclides, which suggest older ages (24.1 ± 3.7 ka and 30.9 ± 5.1 ka, respectively; table Dr3).
these data suggest that cosmogenic-nuclide dating is not straightforward for the Blackhawk landslide and that the sampled boulders have not had the same exposure history. the lightly dosed levee boulders could initially have been buried in the levee and later exhumed, a scenario that would result in an age underestimate. conversely, the boulder at the toe of the landslide and the side-slope boulder could have had previous cosmic-ray exposure, resulting in nuclide inheritance and an age overestimate (Briner and Swanson, 1998) . if we assume that the nuclide concentration in levee-crest boulders represents a two-stage history (initial burial followed by exhumation and exposure), we can model a range of landslide ages. By extrapolating the levee slopes to a peak, a maximum of 9.5 m of levee crest erosion could have occurred, based on measured nuclide concentrations. if we use erosion rates of moraines from the eastern side of the Sierra nevada (Hallet and Putkonen, 1994) -even though such rates may not represent the erosion rates of the Blackhawk landslide debris very well-and model the depth of boulder burial between the surface and 9.5 m, we can model deposition ages between 6.4 and 31 ka. regardless of the landslide debris erosion rates, the nuclide data do not constrain the age of the landslide any more precisely than to the late Pleistocene. the resulting age ambiguity precludes investigation into possible landslide timing and causes of failure.
the Blackhawk slide highlights two problems inherent to dating landforms: nuclide inheritance and landform erosion or modification after deposition. Boulders exposed near earth's surface before being transported to a new location carry nuclides from prior periods of cosmic-ray exposure. thus, a boulder's model age represents total exposure time, not the age of the sampled landform. Such inherited nuclides have proven to complicate the interpretation of cosmogenic data from moraine boulders (Putkonen, 2003) , lake-shoreline clasts (trull et al., 1991; Matmon et al., 2003) , striated bedrock (colgan et al., 2002) , and alluvial fan clasts and boulders (e.g., liu et al., 1996; Zehfuss et al., 2001; Matmon et al., 2005) . if one is fortunate enough to avoid, or account for, nuclide inheritance, then exhumation of boulders through landform erosion and/or the loss of mass from boulder surfaces complicates the interpretation of boulder ages (Bierman and Gillespie, 1991; Hallet and Putkonen, 1994; Zimmerman et al., 1994; Putkonen, 2003) . therefore, predepositional exposure and post-depositional surface modification are fundamental limits on the accuracy of cosmogenically determined landform ages.
OTHER RECENT APPLICATIONS
the power of cosmogenic nuclides as a tool for understanding desert systems is just beginning to be realized. in addition to dating fan surfaces (liu et al., 1996; Phillips et al., 1998) , quantifying erosion rates (Bierman and caffee, 2001, 2002) , and determining burial ages (Granger and Smith, 2000) , cosmogenic nuclides can be used as sediment tracers (clapp et al., 2001 , 2002 Matmon et al., 2006) , allowing the construction of sediment budgets (nichols et al., 2005a) . Such budgets can be robust quantitative descriptors of desert systems, addressing rates of change, forming a framework for rational landscape management, and providing the means to test long-standing conceptual models of landscape behavior in arid regions (Bierman and nichols, 2004) .
recently, the rich history contained in the sediments of long piedmonts has been deciphered using 10 Be (Bierman et al., 1995; liu et al., 1996; Zehfuss et al., 2001; Phillips, 2003; Matmon et al., 2005) . Sediment amalgamation techniques provide cost-and time-effective means to address the spatial variability in 10 Be concentration and thus describe the behavior of the piedmont sediment transport system as a whole (nichols et al., 2002, 2005b) . cosmogenic data allow calculation of long-term average sediment velocities and fluxes on low-gradient piedmonts. the average sediment grain on a piedmont moves a few decimeters to meters per year, depending on the geomorphic setting (nichols et al., 2005a) . these data provide an important land-management tool, essentially a natural benchmark against which to measure human-induced rates of change as development sweeps across the Desert Southwest.
One way to address the role of tectonics, lithology, and climate change on the rate and distribution of geomorphic process is to measure erosion over space and through time. Bierman et al. (2005) quantified the spatial variability of subbasin erosion rates and constrained the average erosion rate of the 14,225 km 2 rio Puerco basin to ~100 m/m.y.
10
Be concentration, and thus erosion rates, are more variable in smaller headwater basins (98% standard deviation [s.d.] ; n = 16, µ = 392 km 2 ) than in larger downstream basins (53% s.d.; n = 21, µ = 5440 km 2 ), because stream flows homogenize sediment with different cosmic-ray exposure histories and erosion histories. As predicted by numerous geomorphologic studies (e.g., Bull, 1991), Bierman et al. (2005) found that erosion rates are best correlated to vegetation, precipitation, and rock erodibility.
erosion rates over time can also be measured. Using a flight of well-preserved fluvial terraces, Schaller et al. (2004) measured paleo-erosion rates of the humid Meuse river catchment. By dating the terraces and back-calculating the nuclide inventory during deposition, they were able to determine paleo-erosion rates. Similarly, Bierman et al. (2005) measured 10 Be in a 6-m radiocarbon-dated section of rio Puerco sediment deposited over >1000 yr; the similarity of 10 Be concentration among the 15 samples indicated that average cosmic-ray dosing, and thus the basin-scale erosion rate, did not change substantially over the millennial time scale on this arid-region river.
these are only a few examples of how cosmogenic nuclides have advanced our understanding of desert systems and of how using cosmogenic nuclide dating in conjunction with methods, such as thermochronology and luminescence dating, will enable geomorphologists to more thoroughly decipher the detailed history of desert landscape change (House et al., 2001; lancaster and tchakerian, 2003) . these new data provide quantitative estimates of rates and dates, an important requirement for testing the validity of long-standing models of desert processes/response, such as those linking aggradation and incision with climate and tectonics (Bull, 1991) . 
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Enhanced Seismology Education for
Undergraduates [504] Sat., 21 Oct., 8 a.m.-5 p.m. cosponsored by GSA Geoscience Education Division this workshop is intended for faculty at 2-and 4-year colleges and universities who wish to learn both new seismology content and instructional strategies to effectively convey content to students. Seismology topics will include "hot topics," causes of earthquakes, propagation of seismic waves, statistics and data, earth's structure, and hazards. educational topics will feature instructional sequences, student conceptions in geoscience, and constructivist learning theory. effective science instruction will be modeled by emphasizing hands-on and inquiry-based activities to deliver content to learners.
Faculty: Jeff Barker, Ph.D., Binghamton University; Michael Hubenthal, iriS consortium; tom Owens, Ph.D., University of South carolina; John taber, Ph.D., iriS consortium. limit: 25. Fee: US$15; includes course materials and lunch. ceU: 0.8. this course provides research-based and hands-on experiences with scientific inquiry in school classrooms. inquiry is both a content area-the understanding of how science works that every student needs to become a science-literate citizenand a set of teaching and learning strategies that replicates the GSA-SPOnSOreD SHOrt cOUrSeS GSA-sponsored professional development short courses will be held immediately before and during the annual meeting and are open to members and nonmembers. if you register only for a short course, you must pay a US$40 nonregistrant fee in addition to the course fee. this fee may be applied toward meeting registration if you decide to attend the meeting. excepted from this requirement are GSA K-12 teacher Members, who need only pay the short course fee if not attending the entire meeting. early registration is recommended; standard registration (after 18 Sept.) is an additional US$30. A special Subaru of America grant is available to Pennsylvania graduate students and twoyear college faculty that will cover half of the meeting registration fee. Go to www.geosociety.org/meetings/2006/rSubaru. htm for more information on this grant.
Scientific Inquiry in the K
Cancellation Deadline: 19 Sept. 2006
Continuing Education Unit (CEU) Service
All professional development courses and workshops sponsored by GSA offer ceUs. A ceU is made up of 10 contact hours of participation in an organized continuing education experience under responsible sponsorship, capable direction, and qualified instruction. A contact hour is defined as a typical 60-minute classroom instructional session or its equivalent; ten instructional hours are required for one ceU.
Beyond the Content: Teaching Scientific and
Citizenship Literacies in the Geosciences [501] Sat., 21 Oct., 9 a.m.-5 p.m. cosponsored by GSA Geoscience Education Division
Have you, as an earth science instructor, been restricted in the complexity of the course material you can present by students' limited basic skills? this workshop focuses on successful and innovative techniques for incorporating the review of scientific and citizenship literacy into introductory and junior-level university earth science courses, without compromising content. this course is geared toward faculty at two-and four-year institutions who teach general education or introductory or lower level geoscience courses in which plate tectonics is a topic. Faculty will be introduced to place-based, data-rich educational materials about global positioning systems (GPS) and plate tectonics to use in their classrooms, receive an introduction to high-precision GPS, and have the opportunity to discuss pedagogical strategies for classroom implementation. 
Using GPS Data to Study
GSA 2006
discovery process of science in teaching students the big ideas of science. this course is designed for scientists and science educators at all levels who wish to contribute to education as volunteers or in professional capacities as part of researchrelated outreach programs or to meet the "broader impacts" requirements of their research funders. this course provides hands-on training in the use of the "earthedOnline" software package to deliver data-rich inquiry activities to learners at a wide range of education levels. it will cover the goals and issues involved with presenting inquiry activities, scaffolding of activities to ensure success, online peer review, and configuring earthedOnline software. Participants should bring a laptop computer with wireless capability. Participants will learn about qualitative data collection and analysis methods used in geoscience education research. Qualitative research involves the collection and analysis of data from sources such as interviews, classroom observations, and student writings and drawings. it is the building block of and a complement to quantitative education research. case studies, demonstrations, and hands-on activities will introduce participants to qualitative education research. this workshop is geared for college and K-12 educators, researchers, and students who are conducting or planning education research.
Faculty
Faculty: Julie Sexton, doctoral fellow, national Science Foundation center for learning and teaching in the West, colorado State University, Fort collins, colo., ju.sexton@ colostate.edu. limit: 55. Fee $140; includes course materials. ceU: 0.4.
Using Online Igneous Geochemical Databases for
Research and Teaching [508] Sat., 21 Oct., 1 p.m.-5:30 p.m. cosponsored by GSA Geoscience Education Division this course will give students, teachers, and researchers training on geochemical database systems for igneous rocks. the course will include a variety of exercises and short lectures to explore and explain how these systems work. the course is intended to be a blend of education opportunities in the use of geochemical databases and background knowledge about geoinformatics, relational databases, and data reporting. A general knowledge of petrology is required. Participants should bring a laptop computer with wireless capability (if unable, please contact instructor Walker at jdwalker@ku.edu). this short course will introduce the use of GiS in geology-related applications through brief lectures and hands-on computer exercises. concepts in creating a GiS project in geology will be discussed, including creation of data (global position systems, remote sensing, digitizing), conversion of data, metadata, different data formats (vector and raster) and accessing data from several sources (tables, shapefiles, coverages, computer-aided drafting, geodatabases, and grids). Participants do not need to have experience with ArcGiS, but familiarity with Windows OS is beneficial. K-12 SHOrt cOUrSe GSA K-12 teacher Members who wish to attend only the GSA short courses are not required to pay the annual meeting registration fee; for all others, annual meeting registration as well as payment of the short course fee are required for participation. Annual Meeting registration for K-12 professionals or for others who will participate only in this short course is US$40 if registered by 18 Sept. and US$45 after 18 Sept.
Using Authentic Scientific Ocean Drilling Data
for Earth Systems Science Inquiry [601] Sun., 22 Oct., 9 a.m.-5 p.m. cosponsored by Joint Oceanographic Institutions; GSA Geoscience Education Division through inquiry exercises, educators will discover how accessible and applicable scientific ocean drilling results are to the undergraduate and secondary earth systems science curricula they teach. Published data from 40 years of scientific ocean drilling expeditions can support the teaching of plate tectonics, deep time and age determination, and the history of global climate change. this is an onshore extension of the recent Joint Oceanographic institutions (JOi) "School of rock" expedition (www.joilearning.org/schoolofrock). Calling all K-12 teachers and pre-service students! Join us for a day-long K-12 event. We will begin with an urban field trip through parts of Philadelphia, where we will observe various rocks and other natural building materials as they are used for construction and architectural aesthetics. Search for fossils on building faces, find the rare Pennsylvania bluestone, and measure microclimates and noise that is enhanced or mitigated by building designs. In the afternoon workshop share-a-thon, you can network with fellow teachers and geologists, pick up new lesson ideas, and be inspired by guest speakers who will share their stories. Guest passes to the opening of the Exhibit Hall will be available to participants. The participation fee for the entire day is only US$15 and includes lunch and giveaways. The registration form is available online at www.physics.purdue.edu/gsa/. This promises to be both entertaining and informative, so plan to join us for Teacher Day at GSA! core analysis and comparison of modern lake sediments and fossil lake rock sequences will shed light on sedimentation processes, climatic effects, and the preservation potential of fossils and structures through time and space. Please bring posters and/or cores describing your lake sediments. Posters can also be submitted for the poster session held during the annual meeting. For more information, contact elizabeth GierlowskiKordesch, gierlows@ohio.edu.
K-12 SHORT COURSE
Sequence Stratigraphy for Graduate Students
Fri.-Sat., 20-21 Oct., 8 a.m.-5 p.m. cosponsored by ExxonMobil; BP.
this free two-day short course is designed to teach graduate students the principles, concepts, and methods of sequence stratigraphy. Sequence stratigraphy is a methodology that uses stratal surfaces to subdivide the stratigraphic record. this methodology allows for the identification of coeval facies, documents the time-transgressive nature of classic lithostratigraphic units, and provides geoscientists with an additional way to analyze and subdivide the stratigraphic record. Using exercises that utilize outcrop, core, well-log, and seismic data, the course provides hands-on experience in learning sequence stratigraphy. exercises include classic case studies from which many sequence stratigraphic concepts were originally developed. GSA's Structural Geology and Tectonics Division is offering scholarships to Division-affiliated student members for Division-sponsored field trips. Apply in writing, by e-mail, giving your name, institution, class, specialty, poster or talk title, field trip title, and a one-paragraph rationale to Peter Vrolijk, peter.vrolijk@exxonmobil.com. See the Structural Geology and tectonics Division newsletter for more information.
Student Scholarships
For Short courses if you are planning to attend any of the GSA-sponsored short courses (p. 15 of this issue), check here first! • GSA's Geoscience Education Division will subsidize the first five student registrants who are valid division members. the student must pay the full course fee when registering, but will be reimbursed US$50 after the GSA meeting by the Geoscience education Division.
• GSA's Engineering Geology Division will subsidize the first five student registrants who are valid division members. Students must pay the full course fee when registering, but will be reimbursed US$50 after the GSA meeting by the engineering Geology Division.
• GSA's Quaternary Geology and Geomorphology Division will subsidize the first five student registrants who are valid division members. Students must pay the full course fee when registering, but will be reimbursed US$50 after the GSA meeting by the Quaternary Geology and Geomorphology Division.
For more information, contact Karlon Blythe, kblythe@ geosociety.org.
GSA Student travel Fund
GSA is pleased to offer assistance to member undergraduate and graduate students to help cover some of the costs associated with attending the GSA Annual Meeting. A fund has been set up within the GSA Foundation for attendee contributions, and GSA and the Foundation will each contribute US$1,000 for the 2006 Philadelphia Annual Meeting. the number and amount of awards will be solely based on contributions received; 100% of the contributions received will go to help fund student travel. For more information or to apply online, go to www.geosociety.org/meetings/2006.
Minority Student travel Grants
Application Deadline: 7 September 2006 the GSA Minorities and Women in the Geosciences committee and the GSA Foundation announce the availability of student travel grant funds for one or more eligible minority students or students with disabilities to attend the GSA Annual Meeting in Philadelphia, Pennsylvania, on 22-25 October 2006.
the primary goal of this travel scholarship is to encourage the visibility of minorities in the geosciences at national meetings. Successful candidate(s) will receive up to US$1,500, to include roundtrip airfare, hotel accommodations, meeting registration, meals, and a 2007 GSA student membership. Undergraduate and graduate students may apply by sending or e-mailing a letter that includes (1) their contact information, student status, and institution; (2) a personal statement regarding how attending the annual meeting will personally benefit them and their future geoscience career; and (3) the name and contact information of the student's departmental advisor. Applicants must be full-time students (undergraduate or graduate) enrolled in an accredited university or college for fall 2006 and majoring in geology or earth science. Preference will be given to students involved in geological research or who will be presenting papers or posters either as primary or secondary authors. GSA membership is not an eligibility requirement. GSA Section travel Grants the GSA Foundation has made $4,500 in grants available to each of the six GSA Sections. the money, when combined with equal funds from the Sections, is used to help GSA undergraduate Student Associates and graduate Student Members travel to GSA meetings. For information and deadlines, go to www.geosociety.org/sectdiv/sections.htm or contact your Section secretary. craig cooper has been named the 2006-2007 GSA-U.S. Geological Survey congressional Science Fellow. cooper's research examines how biogeochemical cycles impact metal geochemistry in environmental systems. His publications include articles on metal sulfide geochemistry in shallow marine sediments, the impact of microbial iron reduction on metal geochemistry, linkages between the iron and nitrogen cycles in anaerobic systems, and radionuclide fate and transport in the environment. cooper believes that research into the geosciences can help society to more efficiently utilize natural resources in ways that minimize the impacts of human industry on the environment, thereby helping to improve our quality of life.
cooper studied chemistry at clemson University, working as a student intern at tennessee eastman corporation and later as a research assistant in the Department of environmental engineering and Science. After earning his B.S. in 1991, he completed a Ph.D. in oceanography at texas A&M University (1998). While at texas A&M, cooper received a texas research Foundation Fellowship and studied the Fe and S cycle in sea grass beds and cold seep communities in addition to his Ph.D. work. He performed postdoctoral work at the School of Public and environmental Affairs at indiana University and taught chemistry as a visiting assistant professor in the chemistry department at indiana University before joining the idaho national laboratory (inl) in 2000. Since joining the inl, cooper has supported a range of projects,
2006-2007 Congressional Science Fellow
Named: Craig Cooper including investigations of how vadose zone biogeochemical processes impact 14 c, 3 H, and uranium transport, the impact of ionic strength cycling on metal and radionuclide sorption to soil minerals, and radionuclide decontamination of building material surfaces.
cooper believes that his broad, diverse scientific background provides unique insight into the dependence of human society and its economic underpinnings on the sustainable use of natural resources. "As geoscientists, we don't often think about how our research impacts people-but it does. Developing natural resources generates wealth, but hasty decisions that sacrifice long-term sustainability for shortterm profits threaten to leave our children with a poorer life … the future of the geosciences, and our society, requires that we communicate this message more effectively," said cooper. Science has become overly politicized, cooper believes, and he relishes the opportunity to work closely with lawmakers to use science to inform all decisions rather than to advocate a particular policy.
"energy, water, land use, national security, and climate are all interrelated. We are going to be forced to deal with these issues soon, and the negotiations are going to be contentious. i hope that my experience as a congressional fellow will help strengthen the informative power of the geosciences and enable me to serve society by working at the nexus between science and policy in the years to come." cooper considers it a great honor and responsibility to participate in the fellowship program, and plans to return to the idaho national laboratory after his fellowship experience. 
Positions Open
POSTDOCTORAL FELLOWS DESERT RESEARCH INSTITUTE (DRI), RENO
The Desert Research Institute (DRI) in Reno, Nevada is seeking applicants for 2 postdoctoral positions in soil science and terrestrial surface processes with research experience in the areas of (1) soil database development, and (2) soil mineralogy or chemistry. These positions will support several large research efforts focused on scientific integration of terrestrial soil processes common to deserts and efforts to develop dynamic models for predicting desert terrain conditions.
Applicants are expected to possess appropriate professional experience including a Ph.D. in geology, hydrology, geography, soil science, or a related discipline with strong emphasis on terrestrial soil processes and geomorphology; 4 years experience involving soils and related efforts in at least one of these fields: hydrological, geological or relational database development. Due to security clearance requirements, U.S. citizens are preferred. Additional requirements and application instructions are available at http://jobs.dri.edu. AA/EEO Employer.
BROOKLYN COLLEGE/CUNY
The Department of Geology at Brooklyn College seeks to fill a tenure track position, beginning September 2007, that will compliment our existing strengths in environmental geochemistry, paleontology, petrology, and petrophysics. The successful candidate will be expected to have had experience with GIS applied to geological research, and expand upon initiatives to integrate GIS into the curriculum. Teaching responsibilities would include introductory geology, introductory GIS, and subjects related to the individual's area of expertise. The successful candidate will also be expected to maintain an active research program, contribute to collaborative research within the department, college, and the CUNY Earth and Environmental Sciences doctoral program, and supervise student research. The successful candidate must have a Ph.D., teaching experience, professional recognition in his/her field, a balance of field and laboratory experience, and a history of collaborative research would enhance an application.
Salary is competitive and commensurate with qualifications and experience. Send curriculum vitae, three letters of recommendation, and writing sample or research plan to: Michael T. Hewitt, Assistant Vice President for Human Resource Services, Brooklyn College, 2900 Bedford Avenue, Brooklyn, NY 11210-2889. Review of applications will begin on November 1 and continue until position is filled An AA/EO/ADA/IRCA Employer. 
U.S. GEOLOGICAL SURVEY
GEOLOGIST/ASSISTANT PROFESSOR (SEDIMENTOLOGY/STRATIGRAPHY)
WISCONSIN GEOLOGICAL AND NATURAL HISTORY SURVEY Full-time, tenure-track faculty position to conduct fundamental and applied research in the areas of sedimentology and stratigraphy through field-based investigations, including geologic mapping, focusing on the stratigraphic and hydrostratigraphic framework of the Paleozoic rocks of Wisconsin. Work is performed in cooperation with other WGNHS staff, university personnel, and collaborating governmental agencies whose interests include geology, geophysics, hydrogeology, and mineral/energy resources. Ph.D. in geology or closely related field is preferred; Master's degree in geology or related field with 4 years experience also acceptable. $50,000 minimum salary with excellent benefits package. Office located in Madison. For a complete position description and instructions on how to apply, see www.uwex.edu/ces/hr. AA/EEO employer VISITING ASSISTANT PROFESSOR IN GEOLOGY ALLEGHENY COLLEGE The Geology Department invites applicants for a threesemester full-time, non-tenure-track position from January 2007 through May 2008. We seek an enthusiastic teacher with expertise in hydrogeology, geomorphology, or a related field of earth-surface processes. The teaching load for the position is two lab courses per semester with the possibility to advise senior research projects. The successful candidate will be expected to teach introductory physical geology and an upper level course in her/his field of expertise. Other courses may include introductory environmental geology and a college-wide freshman/sophomore seminar that emphasizes writing and speaking. Allegheny College is a selective private liberal arts college with an emphasis on teaching. The Geology Department has a strong record of student-faculty research and emphasizes field-based learning. More information about Allegheny College can be found at www.allegheny.edu. To apply please send a letter that describes your qualifications for the position, a curriculum vitae, teaching and research statements, and three letters of reference. Send materials to: Ron Cole, Chair; Dept. of Geology; Allegheny College; 520 N. Main St.; Meadville, PA 16335. A Ph.D. is preferred but A.B.D. applicants are welcome. Applications will be reviewed beginning 25 August 2006 and will continue until the position is filled. Allegheny College is an Equal Opportunity Employer: Women and minorities are encouraged to apply.
ILLINOIS STATE GEOLOGICAL SURVEY
GEOPHYSICIST Located on the campus of the University of Illinois Champaign-Urbana campus, ISGS is one of the largest and oldest regional geoscience research agencies in the nation. State-of-the-art facilities and equipment support our 3-D geologic mapping program, an active electrical resistivity research and service program, and a drilling program to support geological and geophysical research, including fully operational p-and s-wave landstreamer and shallow water-borne reflection systems, down hole geophone and hydrophones, and support personnel. Join our team effort to take these programs to the next level of excellence. Starting salary: $40,000 to $60,000 per year commensurate with education and experience. Closing date: 9/1/06. For required application form and more information contact walston@isgs. uiuc.edu or visit www.isgs.uiuc.edu EEO/ADA Employer.
VISITING ASSISTANT PROFESSOR OF GEOLOGY
UNION COLLEGE The Geology Department at Union College seeks to fill a 1 2/3-yr position from January 2007 through June 2008. We seek a dynamic teacher and scholar with a research background in one or more of the following fields: Geomorphology, Glacial Geology, Oceanography, Paleoclimatology, and/or Paleolimnology. The successful candidate will be expected to teach introductory level courses in Environmental Geology, Global Climate Change, Natural Disasters, or Oceanography, and upper level courses in their areas of expertise. Union College is a selective liberal arts college with a strong tradition of science and engineering at the undergraduate level. The Geology Department is very well equipped with analytical instrumentation, and has a strong record of studentfaculty research. More information about Union College is available on the Web at www.union.edu.
We will begin reviewing applications on 15 August 2006. To apply, please send a cover letter along with resume, list of publications, teaching and research statements, and a list of contact details for three references. Send application material to: John I. Garver, Chair, Department of Geology, Union College, 807 Union St., Schenectady NY 12308-2311, USA.
Union College is an equal opportunity employer and strongly committed to student and workforce diversity.
Opportunities for Students
Nine Funded Research and Teaching Assistantships (starting Jan. 2007) recently became available for M.S. and Ph.D. students at UNLV. The Department of Geoscience at the University of Nevada Las Vegas (UNLV) has funding for Research Assistantships in Hydrogeology and Structural Geology (a total of 4 assistantships), as well as 5 Teaching Assistantships. These positions are available for students who begin their graduate program in January 2007; the deadline for applying for spring admission is 1 October 2006. An application checklist can be found at www.unlv.edu/ Colleges/Sciences/Geoscience/Students/Grad_admis-sion_checklist.pdf. Teaching assistants may work with any of the 17 faculty members in the department. For information on our graduate program, departmental areas of expertise, faculty members, and other relevant information, please visit our Web site at http://geoscience.unlv.edu. For additional information please contact Dr. Andrew Hanson, the departmental graduate coordinator, at andrew.hanson@unlv.edu or via phone at +1-702-895-1092.
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